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(54) Title: OXIDES EXTRACTED FROM VEGETAL MATTER AND PROCESS THEREFOR 

(57) Abstract: The invention concerns a process for the extraction of acid or basic oxides contained in a vegetal matter, more specif- 
ically it concerns the extraction of silica from rice husks. The invention also concerns pure oxides extracted from vegetaJ matter. 
The invention also concerns the process for the extraction of carbon-rich oxide compositions from vegetal matter, and compositions 
obtained through said process. 
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OXIDES EXTRACTED FROM VEGETAL MATTER AND PROCESS 
THEREFOR. 

The present invention concerns pure oxides (acid or basic oxides) 
extracted from vegetal matter, as well as carbon-rich oxide compositions 
extracted from vegetal matter. Another aspect of the invention concerns a 
process for the extraction of oxides contained in vegetal matter; more 
specifically it provides a process for the extraction of silica from rice husks 
or from the rice plant. 

The description that follows makes reference to a preferred 
embodiment of the invention, namely the extraction of silica from rice 
husks. This is done simply to favor the understanding of the invention, 
without imposing any limitation to the scope of the invention, defined in the 
attached claims. 

Amorphous sihca, Si02, under its non-crystaUine form, is a substance 
that has many uses. Its commercial value is strongly tied to its pm-ity, 
specific area and ^particle size. Particles between 10 and 1000 nm 
(nanometers) are know as nanoparticles, and due to their small radius have 
high chemical reactivity and sinterization capacity. 

Among the known processes for obtaining amorphous silica are the 
reaction between siHcon monoxide, SiO and oxygen, and the mere burning of 
rice husks by the grain companies. This last case leads to a product known 
as rice husk ash. 

The ash fi^om the burning of rice husks contains high content of black 
carbon, about 60% by weight of siHca, and some impurities mainly 
potassium, sodium, magnesium and calcium. The eUmination of the carbon 
fi'om this mixture to obtains high purity silica requires the use of high 
temperatvires, a procedure that leads to BET specific areas of about lOm^/g 
and average particle size above SOpm. The dry rice husk mass corresponds 
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to about 20% of the in natura grain, a variable value according to the plant 
variety, the climate, and agricultural procedures employed with the plant 
culture. 

Rice husks comprise mainly cellxilose, lignin, hemicellulose, siHca and 
6 other inorganic oxides, these last ones representing about 4.5% of the silica 
mass, potassium and calcium having the highest content.. Such values 
depend on the plant variety, climate and rain distribution. 

Known in the state of the art is a process for the extraction of silica 
from rice husk developed by Real et. ali. (C. Real, M.D. Alcala and J. M. 

10 Criado, 'Treparation of Silica from Rice Husks" J. Am. Ceram. Soc. 79 [8] 
2012-12 (1996)). Such a process consists of boiling the rice husks for two 
hours in a 10% hydrochloric acid distilled water solution , under ambient 
pressure, at a temperature of no more than lOO^C. The husks are then 
washed with distilled water to eliminate salts and compounds of potassium, 

15 sodium, calcium and magnesium that contribute to the later aggregation of 
particles of amorphous siKca during calcination. Calcination at 600°C 
follows, during an unknown amoimt of time, resulting in a white, 
amorphous and free from carbon silica, with a low content of other 
inorganic compounds, specific area of 260 m^/g, a non specified particle size, 

20 but found to be between 15 and 20 |im by the inventors of the present 
invention. 

The present invention has as an object an efficient, simple and 
cheap industrial process for extracting the oxides contained in vegetal 
matters. In a preferred embodiment, the process refers to the extraction 
25 of acid oxides. 

Another object of the invention are carbon-rich oxide compositions 
extracted from vegetal matters. Still another object of the invention are 
highly pure oxides extracted fr^om vegetal matters. 
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These and other objects of the present invention are better 
understood by means of the text and examples that follow, the scope of 
the invention being limited only by the content of the claims appended 
hereto. 

The process of the present invention comprises some or all of the 
following steps ^ 

A. Hydrolysis of the vegetal matter (acid hydrolysis for the extraction 
of acid oxides, basic hydrolysis for the extraction of basic oxides), 
at a temperature above 100°C, xmder pressure! 

B. Washing/drying 

C. Fragihzation of the structure! 

D. Disaggregation of the structure; 

E. Calcination; 

F. MUHng 

More details are now presented, concerning a preferred 
embodiment of the invention, not in any way limiting the scope of the 
invention. It concerns the process for the extraction of silica from rice husks, 
as well as carbon-rich oxide compositions and pure sihca extracted from 

vegetal matter. 

A. Acid hydrolysis - accomplished xmder the following preferred conditions, 
without the exclusion of any other- 

- temperature range: 100°C-200°C; 

- pressure above 2 atmospheres; 

- acid used • sulfuric, hydrochloric or nitric, or their mixture; 

- aqueous acid solution: 3% to 5% of acid, in weight; 

- hydrolysis time: 30 minutes to 2 hours; 

- ratio between weight of vegetal matter to weight of acid solution: 
2:i to 1:4. 
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During the hydrolysis potassium, sodium, calcium, magnesium and 
other inorganic impurities react with the acid forming, for instance, soluble 
sulfates with the sulfuric acid. Also during the hydrolysis the acid 
decomposes the hemicellulose. 
5 When the process of the invention aims at obtaining basic oxides, the 

hydrolysis is a basic hydrolysis, and the preferred conditions remain the 
same, except that alkaU is used instead of acid, and the preferred alkali are 
ammordum hydroxide, potassium hydroxide and sodium hydroxide, or their 
mixture, 

10 B. Washing/drying 

The resulting material from the hydrolysis is washed with water, in 
one or more operations aimed at this end, depending on the desired purity of 
the silica. One aims at the removal of soluble salts and the decomposed 
hemicellulose. One can use soft water - that is, with low salt content % 

15 distilled water or deionized water. The purity of the silica, as obtained at the 
end of the process depends on the efficiency of the soluble salt removal 
generated in the previous step, avoiding the presence of salts of basic 
character which later, during the step of calcination, form silicates that 
favor the sinterization of the silica - from this angle the use of hard water 

20 is less adequate. Some preferential conditions during washing are as 
follows- 

- the washing operation starts with potable water and ends with 
distilled or deionized water; 

the washing operation is performed until the pH of the resulting 
25 waters is about 6; 

- a larger number of washing actions with smaller amounts of water 
is preferred to a smaller number of washing actions with lager 
amounts of water. 



wo 02/066372 PCT/BRO 1/00020 

5 

At this stage one also performs, before going on to the next steps, the 
elimination of excess water from the washed material, for instance by 
filtration and/or drying, in any of the ways known to one skilled in the art. 

It has been verified that the use of potable water provided silica with 
5 BET specific area up to about 260m2/g, while the use of distilled or deionized 
water considerably increased such BET area to values above 480 m^/g 

BET (after Brunauer, Emmett e Teller) refers to a measure according 
the description by Paul A. Webb, P, A- and Orr, C, in Analytical Methods in 
Fine Particle Technology, edited by Micromeritics Instrument Corporation 
10 (One Micromeritics Drive, Norcross, GA 30093, USA, ISBN 0-9656783-0-X). 

C. Fragilization of the structure - this step aims at providing fragility 
to the obtained material, making its later disaggregation easy and efficient, 
also allowing the calcination temperature to be lower (compared to the 
absence of this step) as part of the organic material begins to decompose 
1 5 here, under gaseous form. Such gases can be utilized as fuel in later steps of 
this process, for instance during calcination. 

An efficient fragilization means is the exposure to heat between about 
270°C and the temperature just below the flash point, or flame forming 
temperature of the vegetal matter from the prior step (ordinarily between 
20 about 410°C and 430°C), for about two hours, or until a deep dark color is 
obtained , or until the material becomes brittle or easily breakable. 
Typically, the temperature of this step is about 320°C. The time necessary to 
perform this step depends of the husk heating process, being shorter when 
the husks are carried by a flux of hot air. 
25 The fragilization step renders easier the later milling operation, and 

allows the use of lower temperatures during the later calcination operation 
(compared to the temperatures used in the absence of the step of 
fragilization) . 
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D. Disaggregation • the material originated from the previous step 
can be easily disaggregated by any adequate physical, physico-chemical or 
chemical action. It is ts^pically a mechanical operation, such a milling, 
advantageously under dry conditions. It was verified to be adequate, 
5 without excluding any alternative, a dry milling with 5mm diameter 
ceramic spheres, providing a fine powder with average diameter particle 
passable through a 325 mesh tamis or smaller. Also adequate are devices 
with mechanical or ultrasound vibrating means, crushing means, grinding 
means, or any equivalent means capable of performing disaggregation. 
10 This disaggregation operation contributes to inhibit the aggregation 

of the silica in a later calcination step. 

For some industries the resulting material from this step is useful, 
namely a composition essentially comprising carbon and silica, in a ratio of 
about 60*40. A example is the tire industry, as the rubber composition 
1 5 comonly comprises both carbon black and silica. This composition also finds 
uses in the cement industry, paint industry, etc. 

Performing steps C and D sequentially is advantageous as they favor 
a finer particle size, compared to the alternative when one or the other is 
absent. 

20 E. Calcination - it seeks to eliminate the organic part in the vegetal 

residue with the lowest possible temperatxires, or with the shortest 
residence times of the dust in the calcination eqidpment. The higher the 
calcination temperature, the greater the undesired aggregation of the silica 
particles, mainly if alkaline or alkaline-terrous impurities are present. The 

25 preferred calcination temperature is between the flash point of the husk 
(between about 410°C and 430**C) and about 900°C, more specifically 
between about 440*^0 and 850°C, and more advantageously between 500**C 
and 650°C. An adequate form of calcination is the continuous burning of the 
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dust injected along with fuel in the flame of a blast burner or blowpipe, 
directed to the interior of the burning chamber to accomplish the burning in 
the shortest possible time. One aims at obtaining a white silica dust at the 
lowest possible temperature that is capable of eliminating all carbon; from 
5 another angle, when the final product is white, one knows that the organic 
content has been substantially eliminated. When one burns the material 
obtained according to the previous steps, one favors the direct provision of 
an amorphous silica dust of high specific area, low aggregation and low 
average particle size, of about 5pm. 

1 0 Other adequate ways to perform the calcination is by using a fluidized 

bed oven, a rotary oven as the ones presently employed to burn ceramic 
dusts, a mufEle type furnace with shallow crucibles, etc. 

F. Milling • this step aims at providing the adequate finer particle size 
to the amorphous silica, as required to specific needs. It includes any 

15 operation that decreases the particle size obtained in the previous steps. It 
can be by wet means - for instance a ball mill with a deflocking agent - or by 
dry means, for instance by the chock of opposing jets, an impact rotary mill 
with particle size selection, a ball mill with continuous sweep of the fine 
fraction, etc. 

20 One of the advantages of the process of the invention is, by- 

comprising the steps of fragilization and disaggregation, permiting a lower 
use of energy dxiring calcination, if compared to either the traditional direct 
burning of rice husks or to the process revealed by Real, Alcala and Criado, 
previously mentioned. Furthermore, the use of higher pressures during the 

25 hydrolysis step permits a shortened hydrolysis time and the use of a 
lower acid content solution, favoring - or at least not decreasing ■ 
qualities such as purity, BET specific area and small particle size in the 
final product. 
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One of the processes of the invention is the one that comprises steps 
A, B, C, D and E described before, for obtaining high purity (above 99%) 
amorphous silica, with particle size between about 1 to 5 ixm, high specific 
area above at least about 260 ni2/g, and high chemical reactivity. 
5 Another process of the invention is the one that comprises steps A, B, 

C, D, E and F, through which one obtains amorphous silica with particle 
size below 1 pun. 

Another process of the invention is the one that comprises 
alternatively steps A, B, C and E, or A, B, D and E, either one 
10 optionally followed by step F, for obtaining high purity amorphous 
silica. 

Another aspect of the invention is a high purity oxide, preferably 
silica, extracted from vegetal matter according to any of the processes 
mentioned hereinbefore. 
1 5 Another process of the invention is the one that comprises steps A, B 

and C for obtaining carbon-rich oxide compositions, optionally followed by 
steps D and/or F. 

Another aspects of the invention is compositions comprising 
essentially carbon and silica, obtained through a process according to steps 
20 A, B and C, optionally followed by steps D and/or F. 

Examples will now be given, only as illustrations of the invention, to 
facilitate its understanding. 

Three batches identified as 1, 2 and 3, each with 30 kg of rice husks of 
different origins are subject to the following steps^ 
25 A. Hydrolysis 

" batches 1 and 2 — 4.5% sulfuric acid aqueous solution, using a 1^1 ratio 

between the weights of husks and acid solution, pressure of 5 atmospheres, 
temperatinre of 150°C, during 1 hour. 
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- batch 3 — 5% hydrochloric acid aqueous o, using a 1-1 ratio between the 
weights of husks and acid solution, pressure of 7 atmospheres, temperature 
of ITO^'C, during 2 hours. 

B. Washing/drying 

5 • batches 1 and 2 • potable water, in a container provided with filtration 
means, 30 liter portions for each washing action under agitation, until the 
resulting waters have a pH of about 6, followed by drying during 1 hour at 
120"C in a muffle t3^e oven. 

- batch 3 - the same as for batches 1 and 2, including two extra 30 Hter 
10 distilled water washing actions. 

C. Fragilization 

" all batches — heating to 320°C during 60 minutes, with the material 
disposed in thin layers inside crucibles, in a muffle type oven. 

D. Disaggregation 

15 - all batches— dry milling in a rotary mill with 5mm diameter zirconia 
spheres, for 8 hours. The material obtained is a deep dark powder with 
average particle size below 44 pm, 

E. Calcination 

- batches 1 and 2 — temperatm*e 550°C in a fluidized bed oven, residence 
20 time 2 hours. 

■ batch 3 ■ temperature 500**C in a fluidized bed oven, residence time 2 

hom's. 

F - Milling 

-batches 1 and 2 — milling with 5 mm diameter zirconia spheres, in a wet 
25 medium with 2% in weight of ammonium polyacrylate as deflocking agent, 
for 2 hours, 

- batch 3 — same as with other batches, for 6 hours. 

RESULTS 
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The table below shows the results' 



Batch 


color and % 
purity in Si02 


particle size 
(pm) 


specific area 
(BET m2/g) 


(*) % average 
Pozolanicity 


1 (before step 
F) 


white, 99,2 


5 


260 


90 


1 (after step F) 


white, 99,2 


1 


280 


90 


2 


white, 99,6 


0,8 


280 


90 


3 


white, 99,8 


0,7 


420 


99 



(*) According to the process described by Chapelle, J. in Revue de 
Materiaux de Construction, vol. 512, pages 136 and following, 1958, France. 
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CLAIMS 

1. PROCESS FOR THE EXTRACTION OF OXIDES CONTAINED 
IN VEGETAL MATTER, aiming at obtaining high purity oxides, 
characterized by the fact that it comprises the following 

5 steps- 

A. Hydrolysis above 100°C, under pressure; 

B. Washing/drying; 

C. Fragilization of the structure; 

D. Disaggregation of the structure; 
10 E. Calcination; 

2. PROCESS according to claim 1 characterized by the fact that it 
comprises an additional final milling step. 

3. PROCESS according to claim 1 characterized by the fact that it 
comprises steps A, B, C and E, optionally followed by a final milling 

15 step. 

4. PROCESS according to claim 1 characterized by the fact that it 
comprises steps A, B, D and E, optionally followed by a final milling 
step. 

5. PROCESS according to any of claims 1 to 4 characterized by the fact 
20 that the hydrolysis step aims at obtaining acid oxides utiHzing the 

following conditions - 

- temperature between about 100**C and e 200*'C; 

- pressure above 1 atmosphere; 

- acid chosen from the group comprising sulfuric, hydrochloric and nitric 
25 acids, or their mixtxire; 

- acid concentration in water between about 3% and 5% in weight; 

- ratio between the weights of vegetal matter and acid solution fi'om 
about 2*1 to about 1-4. 
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6. PROCESS according to any of claims 1 to 4 characterized by the fact 
that the hydrolysis step aims at obtaining basic oxides utilizing the 
following conditions - 

- temperature between about lOO^C and e 200*'C; 

- pressure above 1 atmosphere; 

- alkali chosen from the group comprising ajnmonium hydroxide, 
potassium hydroxide and sodium hydroxide, or their mixture; 

• alkali concentration in water between about 3% and 5% in weight; 

- ratio between the weights of vegetal matter and basic solution from 
about 2 1 to about 1-4. 

7. PROCESS according to any of claims 1 to 6 characterized by the fact 
that said washing step B is performed with potable or soft water, 
distilled water or deionized water, until the resulting waters have a 
pH of about 6. 

8. PROCESS according to any of claims 1, 2, 3, 5 or 6 characterized by 
the fact that said fragilization step C is performed by exposure to 
heat between about 270®C and the flame forming temperature or the 
flash point of the material, more adequately about 320°C, for up to 
about 2 hours. 

9. PROCESS according to any of claims 1, 2 or 4 chaxacterized by the 
fact that said disaggregation step D is a mechanical operation, 
preferably a dry milling operation. 

10. PROCESS according to any of claims 1 to 4 characterized by the 
fact that said calcination step E is performed between the 
flame forming temperature or the flash point of the 
material and about 900®C, preferably between about 440''C and 
about 850°C, more preferably between about 500°C and about 
650°C. 
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11. PROCESS according to claim 10 characterized by the fact that said 
calcination is performed as a continuoxis burning of dust, injected 
along with fuel in the flame of a blast burner or blowpipe. 

12. PROCESS FOR THE EXTRACTION OF OXIDES CONTAINED IN 
VEGETAL MATTER, aiming at obtaining carbon-rich oxide 
compositions, characterized by the fact that it comprises the following 
steps: 

A. Hydrolysis above 100°C , under pressure; 

B. Washing/drying; 

C. Fragilization of the structure; 

optionally followed by the steps of disaggregation of the fragilized 
material and/or milling. 

13. PROCESS according to claim 12, aiming at obtaining carbon-rich 
acid oxide compositions, characterized by the fact that it utilizes the 
hydrolysis conditions of claim 5. 

14. PROCESS according to claim 12, aiming at obtaining carbon-rich 
basic oxide compositions, characterized by the fact that it utilizes the 
hydrolysis conditions of claim 6. 

15. PROCESS according to any of claims 12 and characterized by the 
fact that said washing step B utilizes the conditions of claim 7. 

16. PROCESS according to claim 12 characterized by the fact that 
said fragilization step C utilizes the conditions of claim 8. 

17. PROCESS according to claim 12 characterized by the fact 
that said optional disaggregation step utilizes the conditions of 
claim 9. 

18. CARBON-RICH OXIDE COMPOSITIONS EXTRACTED 
FROM VEGETAL MATTER characterized by the fact that they are 
obtained by the process of any of the claims 12 to 17. 
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19. HIGH PURITY OXIDES EXTRACTED FROM VEGETAL 
MATTER characterized by the fact that they are obtained by the 
process of any of the claims 1 to 11. 



INTERNATIONAL SEARCH REPORT 



Internationa) application No. 

PCT/BR 01/00020 



CLASSIFICATION OF SUBJECT MATTER 

IPC^:C01B 13/18 

According to International Patent Classification [IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

EPC^: C01B 13/18. C01B 33/12, C01B 33/20 



Documentation searched other than minimum documentation to the extent that such documents ate included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable search terms used) 

Questel WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



RU 2061656 (ASFA-R), 10 June 1996 (10.06.96) , (abstract) WPI, 
London, UK: Derwent Publications Ltd., Questel/Orbit, 
Paris/France. DW 199709, Accession No. 1997-098 538 



ON 111 3216 A (WUGG-I), 13 December 1995 (13.12.95) 
(abstract), WPI, London, UK: Derwent Publications Ltd.. 
Questel/Orbit, Paris/France, DW 199738, Accession No. 1997 - 
403 447 



DD 276 671 (AKAD. WISSENSCHAFTEN DDR) 

7 March 1990 (07.03.90) 

claims. 

ON 1 229 057(JUFF-I) 22 September 1999 (22.09.99) (abstract) 
WPI, London, UK: Derwent Publications Ltd., Questel/Orbit, 
Paris/France, DW 1999, Accession No. 1999-09-22 



1.5,19 



1.6.19 



1,6,19 



1,6,19 



□ 



Further documents arc listed in the continuation of Box C. 



See patent femily annex. 



♦ Special categories of cited documents: 

document defining the general state of the art whicli is not 
considered to be of particular relevance 
..E" earlier application or patent but published on or after the international 
filing date 

,,L" document which may throw doubts on priority claimCs) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
..O** document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



,.T* later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
.«X** document of particular relevance: the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
,.Y*^ document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step wlien the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled In the art 

dwumciu member of Ihc saiuc piuciU lajnily 



Date of the actual completion of the international search 

29 November 2001 (29,11.2001) 



Date of mailing of the international search report 

17 January 2002 (17.01.2002) 



Name and mailing adress of the ISA/AT 

Austrian Patent Office 
Kohlmarkt 8-10; A- 1014 Vienna 

Facsimile No. 1/53424/535 



Authorized officer 



PAMMINGER 



Form PCT/ISA/210 (second sheet) (July 1998) 



Telephone No, 1/53424/223 



INTERNATIONAL SEARCH REPORT 



International application Na 
PCT/BR 01/00020 



Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international search report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 
\. D Claims Nos,: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. la Claims Nos.: 12-18 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

The claims 12-18 refer to the extraction of oxides contained in vegetal matter, it is not 
understandable in which way by the steps A. B. C. - comprising hydrolysing, washing and 
fragilisation - said oxides are extracted from vegetal matter. 

3. O Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . Q As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims. 

2. Q As ail searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. □ As only some of the required additional search fees were timely paid by the applicant, this intemataonal search rqx>rt 

covers only those claims for which tees were paid^ specifically claims Nos.: 



4. O required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest □ The additional search fees were accompanied by the applicant's protest. 

O No protest accompanied the payment of additional search fees. 

Form PCT/lSA/210 (continuation of first sheet (1)) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Inu nnl anpUcation No. 

PCT/BR 01/00020 



Patent document cited Publication Patent family Publication 

in search report date member(s) date 



CN 


A 


1113216 


' none 


CN 


A 


1229057 


none 


DD 


A 


276671 


none 


RU 


A 


2061656 


none 



lH:iyiSA/210 (patent tamily annex) (|uly 1998) 



